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DESCRIPTION OF FIGURES: 
FIG. 1: A diagrammatic representation of some preferred arrangements for 
linking nucleic acids (NA) to synthetic binding units (SBU, ) and how such 
conjugates can be used for immobilization on support materials (SM) using 
synthetic addressing units ( SAU . ) FIG. 1A shows the linkage of a nucleic acid 
via its 3 ' end to the end of the SBU which points away from the support when 
paired with the SAU. FIG. IB shows the linkage of a nucleic acid via its 5' end 
to the end of the SBU which points away from the support. FIG. 1C shows the 
linkage of a nucleic acid via its 5' end to the end of the binding unit which 
points towards the support. FIG. ID shows the linkage of a nucleic acid via its 
5' end to a position in the center of the binding unit. An example of this type 
of linkage would be a the conjugation of a tryptamine base linker in a pRNA 
with an aldehyde on the end of a nucleic acid. 

FIG. 2: An illustration of some preferred linkage arrangements and spacers for 
use with nucleic acids and pRNA synthetic binding units. R1=H, OH, OMe, Me; 
R2=H, OH, OMe; L=(CH2)n; CH2CH2- ( -0-CH2-CH2- ) m-0-CH2-CH2 . CH2-CH2-CH2- (-0-CH2- 
CH2-CH2-)q-0 -CH2-CH2-CH2 ; Ba=heterocyclic base (C, T, U, G, A, etc.)A: Linkage 
of the 4' end of a pyranosyl building block of a SBU to the 3' end of a nucleic 
acid directly through a phosphate. B: Linkage of the 4' end of a pyranosyl 
building block of an SBU to the 5' end of a nucleic acid directly through a 
phosphate. C: Linkage of the 2' end of a pyranosyl building block of an SBU to 
the 5' end of a nucleic acid directly through a phosphate. D: Linkage of the 4' 
end of a pyranosyl building block of an SBU to the 3' end of a nucleic acid via 
a linker (L) . E: Linkage of the 4' end of a pyranosyl building block of an SBU 
to the 5' end of a nucleic acid via a linker (L) . F: Linkage of the 2' end of a 
pyranosyl building block of an SBU to the 5' end of a nucleic acid via a linker 
(L). 

FIG. 3: A diagrammatic representation of the three dimensional structural 
difference between nucleic acids and the preferred synthetic binding systems 
for use in the invention. FIG. 3A shows the helical form of nucleic acid 
duplexes on the basis of a B-DNA helix. FIG. 3B shows the non-helical nature of 
synthetic binding systems such as pRNA, pDNA, and CNA. FIG. 3C shows the 
example of a binding unit (SBU) 102a and address unit (SAU) 102b. NA=nucleic 
acid; SM=support material; in this example, the address 102b is immobilized and 
102a is conjugated with the nucleic acid (NA) via a linker. The inter-strand 
base stacking interactions (stacks) are shown using the example of 
purine-purine base stacking interactions (Pu-Pu stack) and of purine-pyrimidine 
base stacking interactions (Pu-Py stack) . 0 stack means the absence of such a 
base stacking interaction. The pyrimidine-purine stacks possible in principle 
are not present in this specific example. 

FIG. 4: An exemplary illustration of some embodiments of pRNA binding addresses 
and conjugates. 4A shows a synthetic address unit (SAU) having a 4' end biotin 
(BIO) for immobilization on support materials coated with streptavidin, 4B 
shows a synthetic address unit (SAU) with a tetrahydrazide (4HY) moiety for 
immobilization on active ester surfaces, and 4C shows a conjugate of a pRNA 
unit (SBU) and a DNA (NA) . 

FIG. 5: An illustration of the conjugation of a DNA having a 3' terminal 
ribonucleotide (NA) with a vicinal diol, and a 2' Cy31abeled and 4' 
monohydrazide-modif ied pRNA (L HY pRNA) to give a conjugate (C) as described in 
Example 1.4. 

FIG. 6: An illustration of the conjugation of a 3 ' glycerylmodif ied DNA (Gly 
NA) via the oxidized aldehyde DNA (OB NA) intermediate with a 2' Cy3-labeled 
and 4' monohydrazidemodif ied pRNA (L HY pRNA) to give a conjugate (C) as 
described in Example 1.5. 

FIG. 7: FIG. 7A illustrates the immobilization of nucleic acids (NA) which are 



linked via a branching site (BS) to a plurality of identical binding 
units for the immobilization on support materials (SM) . FIG. 7B shows the use 
of two different synthetic binding systems (SAU1 and SBU1 and also SAU2 and 
SBU2) for the immobilization of a nucleic acid through a branching structure. 
An advantage of these structures in the increased, additive binding energy 
immobilizing the nucleic acid. 

FIG. 8: An illustrative conjugate in which a nucleic acid (NA) is linked via a 
branching site (BS), or a branching moiety W, to a plurality of 
identical binding units (SBU) . 

FIG. 9: A diagram of some possible embodiments of labeled synthetic binding 
addresses and synthetic binding units or conjugates. 9A shows a conjugate of a 
nucleic acid (NA) and synthetic binding unit (SBU) with a marker at the end of 
the binding unit, as through the end phosphate (SM=support material) . B 
depicts the arrangement for the marker group (M) to be located at any position 
in the conjugate, for example through the use of a base-labeling moiety. C 
shows the use of a labeled synthetic binding address. D shows the joint use of 
two marker groups (Ml and M2 ) which have been adjusted to one another and give 
a signal in the form of fluorescence quenching or fluorescence resonance energy 
transfer (FRET) when a conjugate binds to the synthetic binding address. 
FIG. 10: An illustration of an additional embodiment in which a 

***plurality*** of different molecular species or nucleic acids (NA1 and NA2 ) 

are immobilized next to one another on the same array position, or 

capture site. This can be achieved, as depicted in 10A, by fixing two different 

SAU's to one site to form two different binding systems (SBS) at one 

***array*** location ( L ) . Or, as depicted in B, the same effect may be 

achieved by using the same binding system (SBS), and using conjugates of 

different nucleic acids (NA 1 and NA 2) with the same SBU. 

FIG. 11: An illustration of the use of synthetic binding addresses and 

conjugates of synthetic binding units with nucleic acids for the co 

DESCRIPTION OF FIGURES: 
nstruction of arrays on support materials (SM) . Figure A shows an 
embodiment in which different nucleic acids (NA 1, NA 2, NA 3, . . .) are 
immobilized on different locations (L) of the support material using different 
binding units (SBU 1, SBU 2, SBU 3, . . .) and different address units (SAU 1, 
SAU 2, SAU 3 . . .). The SAUs of the locations are, for example, simply spotted 
on passive arrays, or may be electronically addressed to capture 
sites above electrodes in the case of active electronic arrays. A 
characteristic of the embodiment is that each array location carries 
a distinctive binding address. Although this is illustrated here as a separate 
SAU for each SP, the distinctive addresses may as easily be formed by mixtures 
of SAU's (e.g., SAU 1&2 at L 1, SAU 3&4 at L 2, etc.). FIG. 11B shows that for 
immobilizing a nucleic acid (NA) on a support material (SM) SBU (here pRNA) and 
SAU (here CNA) need not belong to one molecular class. Any sterically 
compatible molecules which form a stable and selective immobilization upon 
recognition are suitable for use in these formats. FIG. 12: A diagram showing 
an embodiment of the method for using synthetic address units and conjugates of 
synthetic binding units with nucleic acids to construct arrays on 
support materials. As illustrated, individual array positions can 
specifically and independently of one another be addressed by utilizing 
***array*** surfaces with individually activatable locations, such as, for 
example, active electronic arrays. Initially, N different binding 
addresses (a, b, c, . . . N) are fixed to the surface of the support material. 
In this step, synthetic address units are affixed to groups of M-number of 
active sites utilizing the same immobilization method (e.g., 
biotin-streptavidin interaction, or hydrazide-active ester chemistry) in a 
number of steps (e.g., spotting or electronic addressing.) The immobilization 
is preferably carried out so that identical synthetic binding units are 
deposited either in rows or columns, although other geometries (e.g., squares, 
crosses, circles, or even randomly chosen groups of sites) may be used. Thus an 
***array*** of N different binding addresses is obtained, in which each unit 
appears in M-fold repetition (FIG. 12A) . In the following steps, conjugates of 



nucleic acids and synthetic binding units are contacted with the array 
generated previously. Although this can be carried out either individually 
using individual SBU/NA conjugates, sets of different SBU/NA conjugates are 
advantageously used to immobilize up to N different SBU-encoded nucleic acids 
in one step. It is important that the method can only be used in those 
***arrays*** in which individual array positions can be activated 
specifically and independently of one another, e.g., in active electronic 
***arrays . *** The activated positions in each step create a condition which 
is favorable to the binding of the SBUs with the attached SAUs . In the 
preferred embodiment, mixtures of N different conjugates (or SBU-encoded groups 
of conjugates) are addressed to N array positions, and this 

addressing can be carried out sequentially or parallel to all N positions. 
These sets may contain N different nucleic acids (v, w, x, y, ... N) all of 
which are conjugated with an individual synthetic binding unit (a', b', c', . . 
. N) . The specific recognition of the fixed synthetic address unit by the 
binding units leads to only that type of nucleic acid, which has been 
conjugated with the corresponding synthetic binding unit complementary to the 
fixed binding unit, being immobilized on each array position. In 
other words, the set of conjugates is sorted to specific locations. Thus, in a 
single process step N different conjugates (a'-vl, b'-wl, c'-xl, d'-yl, . . . 
N) are immobilized. Although a row/column addressing scheme is shown here, 
other geometries are possible. After the binding of each set of conjugates to 
each activated set of locations, the unbound conjugates are removed. This 
procedure can then be repeated using a new second set of conjugates (a'-v2, 
b'-w2, c'x2, d'-y2, . . . N) . In each repetition, again up to N conjugates are 
immobilized in parallel. Thus, after M repetitions, W different conjugates are 
immobilized on the array, with W=N x M. 

FIG. 13: shows further embodiments for using synthetic binding systems for the 
immobilization of nucleic acids on support material. FIG. 13A shows an example 
of an array of N different address units. In additional embodiments, 
one may wish to attach individual address units two or more times to different 
***array*** positions for duplicate addressing at those positions. This 
embodiment is typical for passive arrays, although it may be utilized 
in active location array systems as well. FIG. 13B shows, by way of 
example, an embodiment for using synthetic binding systems for generating 
***arrays*** of nucleic acids for the analyses of different samples of 
nucleic acids, as can be applied to gene expression studies. Here, different 
times, stages or populations of nucleic acids, for example particular gene 
probe sequences which have been hybridized to different samples, are compared 
with one another on an array. Here, by way of example, the 

immobilization of three times Tl, T2, T3 of various nucleic acid sequences 
(genes; SI, S2, S3, . . . ) is depicted. Initially, an array of fixed 
synthetic address units is prepared. Times to be compared may thereafter by 
differentiated by particular sets of SBU's conjugated with the set of nucleic 
acid sequences to be monitored. The times to be compared of may be allowed to 
associate with the SAU ' s either simultaneously or sequentially. The specific 
recognition of synthetic address units by the synthetic binding units 
immobilizes on each array position only the conjugate specifically 
belonging to the position, thus locating the sample nucleic acids hybridized 
according to the SBU utilized. An advantage to simultaneous addressing of 
several samples at one once is that variability in hybridization conditions 
caused by the individual incubation of the samples with the array may 
be avoided, allowing for more rigorous and quantitative comparison of the 
results. In addition, the ability to assay multiple samples in one 
cycle saves time compared with individual addressing, or hybridization with 
separate arrays. 

FIG. 14: A graph of the result of a surface plasmon resonance experiment (SPR) 
in which 14 synthetic address units are contacted with 14 synthetic binding 
units. The signal increasing from the baseline upward indicates binding. As 
expected, all address units bind to the in each case corresponding specific 
binding unit (e.g. 102a to 102b) . Some address units and binding units, 



however, show some degree of cross-association with units which are not exactly 
complementary (e.g. 105b with 110a). Sets of binding units in which such 
cross-association reactions are substantially reduced are said to be 
"orthogonal". Although suitable for some uses, non-orthogonal units should not 
be used together in one set of synthetic binding systems when strict sorting 
according to the addressing units is desired. 

FIG. 15: A photograph and chart of the specific association of f luorescently 
labeled binding units to synthetic address units attached to the surface of an 
active electronic array. The strongest fluorescence signals are all 
on a diagonal with the specific SBU-SAU pairs, as expected. 

FIG. 16: A chart of the association of conjugates of nucleic acids (C) and 
pRNA/SBUs with pRNA/SAU's attached to the surface of the SPR chip, also 
demonstrating specific binding between the coordinating pairs. 4' biotinylated 
102b, 103b, 104b, and 105b, prepared as in Example 2.1, were immobilized on the 
Sensor Chip channels as described in Example 8. Conjugates IL4RP102a, 
IL4RP103a, and IL4RP104a, prepared as in Example 1.1, were then sequentially 
assayed for binding to the SAUs in the channels. 

FIG. 17: A chart of the immobilization of a conjugate IL4RP102a (Example 1.1) 
by biotinylated synthetic address unit 102b (Example 2.1) on an SPR chip and 
subsequent hybridization of the nucleic acid part of the conjugate with three 
complementary DNA fragments. IL4RP102C1 was a complementary sequence to all but 
the 5' three nucleotides of the NA portion of IL4RP102a, IL4RP102C2 was a full 
complementary sequence, and IL4RP102C3 was a full complementary sequence plus 
three nucleotides. This experiment also illustrates the ability of the attached 
SAUs to be utilized repeatedly by simply stripping of the bound SBU conjugates 
with a mild base solution (e.g. 10 mM NaOH). 

FIG. 18: A diagram of the setup and negative photographs of the results of the 
Example 5.2. Mixtures of cy3 labeled and one unlabeled synthetic binding 
unit-nucleic acid conjugates (SBUNA) are addressed on an active electronic 
***array.*** Each conjugate is immobilized to the position with the matching 
synthetic address unit (SAU) . The fluorescence measured is displayed as a 
diagram and a chip image. 

FIG. 19: 19A: a diagram of the use of a conjugate (C) of a synthetic binding 
unit (SBU) and a nucleic acid section (NA) as the substrate (primer) for a 
polymerase (E) which carries out a nucleic acid template-dependent synthesis, a 
first step in amplification reactions. 19B: a diagram of the use of a conjugate 
(C) of a synthetic binding unit (SBU) and a nucleic acid section (NA) as the 
substrate of a single-strand ligase (E) which links the conjugate to a nucleic 
acid. Although shown with a relatively long NA section on the conjugate, ligase 
reactions may utilize conjugates with just a single nucleic acid residue. 

DESCRIPTION OF FIGURES: 
FIGS. 20A & B: Diagrams of the use of a conjugate (C) of a synthetic binding 
unit (SBU) and a nucleic acid section (NA) as substrates for nuclease 
reactions. A: The conjugate and a target nucleic acid are cleaved in a 
restriction endonuclease (E) reaction. This reaction can be especially useful 
when coupled with fluorescent energy transfer labeling, as shown here. The 
emissions of a fluorophore moiety (F) may be masked by placing a quencher 
moiety (Q) on the same conjugate. After cleavage, emissions of the fluorophore 
are no longer absorbed by the quencher, and become visible. The progress of 
this reaction may be quantified dynamically (real time) , or after completion, 
in order to quantify the amount of the target in the sample. B: The target 
nucleic acid is selectively degraded by an endonuclease (E) when hybridized to 
the conjugate nucleic acid portion. This can be especially useful for degrading 
RNA target nucleic acids with double-stranded specific RNAses, such as RNAse H. 
FIG. 21: An illustration of representative p RNA- DNA conjugates. A: a NA/SBU 
conjugate of a pRNA (SBU) with 2 ' -OMe-RNA (NA) and 5' phosphate (P) (a suitable 
substrate for a ligase reaction) ; the conjugate additionally carries a 
fluorescence dye at its 3' end. B: a NA/SBU conjugate of a pRNA unit (SBU) and 
a DNA (NA) with free 3' end (a suitable substrate for a polymerase or 
restriction endonuclease reaction.) 

FIG. 22: A: a photograph of an agarose gel showing the formation of specific of 



amplification products in a PCR reaction using pRNA-DNA conjugates as primers. 
For comparison, mixtures using standard DNA primers were also applied (see 
Example 2). B: another photograph of an agarose gel showing the result of a 
large-scale PCR reaction using NA/SBU conjugates as primers (see Example 3). 
FIG. 23: A photograph of a 10% polyacrylamide gel showing the products of 
ligation of a fluorescence-labeled conjugate of pRNA and 2 ' -OMe-RNA with a 
target RNA, under both UV shadowing and fluorescence imaging. Due to its short 
length, the free unligated NA/SBU conjugate is not displayed on the gel (see 
Example 4) . The Lanes of the gels are as follows: 

FIG. 24 An illustration showing, schematically, an array of SAU on 

locations (L) to which a series of distinct SDA primers have been addressed via 

the interaction between the SAU and SAU. 

FIG. 25: An illustration showing that that two different primers can be 
addressed using a single SBS by using a branched linker to attach the primers 
to one SBU. 

FIG. 26: An illustration showing that shows the general architecture of the SBU 
anchored SDA construct. The SDA primers contain a restriction site template and 
a region complementary to the target DNA. The bumper primers are sequences 
complementary to a region of the target DNA upstream of where the SDA primer 
binds. The bumper primers form the initiation sites for the polymerase and lead 
to the initial strand displacement of the target nucleic acid from the extended 
primer . 

FIGS. 27A and 27B: An illustration of the initiation steps for SBU-anchored SDA 
(phase 1) : Copying of the target sequence onto the SBU-anchored SDA primer, 
Displacement of the genomic DNA by extension from bumper primer 1, Activation 
of the restriction site, and Generation of displaced SI strands. 

FIG. 27C: An illustration of the linear amplification reactions of SBU anchored 
SDA (phase 2): The generation of a single stranded anchored amplicon for every 
Phase 1 displaced strand captured. 

FIGS. 27D and 27E: An illustration of the exponential amplification reactions 
of SBU anchored SDA (phase 3): Activation of restriction sites in both anchored 
amplicons, Generation of displaced SI and S2 strands, and exponential 
amplification via bridging and capture. 

FIG. 28: An illustration of the specific addressing experiment described in 
Example 5.3. The first two columns of addressed, immobilized nucleic acid/SBU 
conjugates and hybridized labeled nucleic acids are illustrated by the small 
figures under the headings "Column 1" and "Column 2". The green fluorescent 
signal is shown to the left, and the red fluorescent signal is shown to the 
right, for each of the two columns. Note that this experiment demonstrates that 
there is no significant hybridization of the complementary sequences to 
non-activated locations within the array, allowing one to effectively 
isolate hybridization reactions using the same sequences from different samples 
at different locations. ! 

AB The present invention relates to conjugates of synthetic binding units 
and nucleic acids. The present invention also relates to methods for 
sorting and immobilizing nucleic acids on support materials using such 
conjugates by specific molecular addressing of the nucleic acids mediated 
by the synthetic binding systems. Particularly, the present invention 
also relates to novel methods of utilizing conjugates of synthetic 
binding units and nucleic acids to in active electronic array 
systems to produce novel array constructs from the conjugates, 
and the use of such constructs in various nucleic acid assay formats. In 
addition, the present invention relates to various novel forms of such 
conjugates, improved methods of making solid phase synthesized 
conjugates, and improved methods of conjugating pre-synthesized synthetic 
binding units and nucleic acids. The present invention also relates to 
the use of conjugates of synthetic binding units and nucleic acids as 
substrates for various enzymatic reactions, including nucleic acid 
amplification reactions. 
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FIG. 1: A diagrammatic representation of some preferred arrangements for 



linking nucleic acids (NA) to synthetic binding units (SBU, ) and how such 
conjugates can be used for immobilization on support materials (SM) using 
synthetic addressing units (SAU.) FIG. 1A shows the linkage of a nucleic 
acid via its 3 ' end to the end of the SBU which points away from the 
support when paired with the SAU. FIG. IB shows the linkage of a nucleic 
acid via its 5' end to the end of the SBU which points away from the 
support. FIG. 1C shows the linkage of a nucleic acid via its 5' end to 
the end of the binding unit which points towards the support. FIG. ID 
shows the linkage of a nucleic acid via its 5' end to a position in the 
center of the binding unit. An example of this type of linkage would be a 
the conjugation of a tryptamine base linker in a pRNA with an aldehyde on 
the end of a nucleic acid. 

FIG. 2: An illustration of some preferred linkage arrangements and spacers 
for use with nucleic acids and pRNA synthetic binding units. R1=H, OH, 
OMe, Me; R2=H, OH, OMe; L=(CH2)n; CH2CH2- ( -0-CH2-CH2- ) m-0-CH2-CH2 . 
CH2-CH2-CH2-(-0-CH2-CH2-CH2-)q-0 -CH2-CH2-CH2 ; Ba=heterocyclic base (C, T, 
U, G, A, etc.)A: Linkage of the 4' end of a pyranosyl building block of a 
SBU to the 3' end of a nucleic acid directly through a phosphate. B: 
Linkage of the 4' end of a pyranosyl building block of an SBU to the 5' 
end of a nucleic acid directly through a phosphate. C: Linkage of the 2' 
end of a pyranosyl building block of an SBU to the 5' end of a nucleic 
acid directly through a phosphate. D: Linkage of the 4' end of a 
pyranosyl building block of an SBU to the 3 ' end of a nucleic acid via a 
linker (L) . E: Linkage of the 4' end of a pyranosyl building block of an 
SBU to the 5' end of a nucleic acid via a linker (L). F: Linkage of the 
2' end of a pyranosyl building block of an SBU to the 5' end of a nucleic 
acid via a linker (L) . 

FIG. 3: A diagrammatic representation of the three dimensional structural 
difference between nucleic acids and the preferred synthetic binding 
systems for use in the invention. FIG. 3A shows the helical form of 
nucleic acid duplexes on the basis of a B-DNA helix. FIG. 3B shows the 
non-helical nature of synthetic binding systems such as pRNA, pDNA, and 
CNA. FIG. 3C shows the example of a binding unit (SBU) 102a and address 
unit (SAU) 102b. NA=nucleic acid; SM=support material; in this example, 
the address 102b is immobilized and 102a is conjugated with the nucleic 
acid (NA) via a linker. The inter-strand base stacking interactions 
(stacks) are shown using the example of purine-purine base stacking 
interactions (Pu-Pu stack) and of pur ine-pyr imidine base stacking 
interactions (Pu-Py stack) . 0 stack means the absence of such a base 
stacking interaction. The pyrimidine-purine stacks possible in principle 
are not present in this specific example. 

FIG. 4: An exemplary illustration of some embodiments of pRNA binding 
addresses and conjugates. 4A shows a synthetic address unit (SAU) having 
a 4' end biotin (BIO) for immobilization on support materials coated with 
streptavidin, 4B shows a synthetic address unit (SAU) with a 
tetrahydrazide (4HY) moiety for immobilization on active ester surfaces, 
and 4C shows a conjugate of a pRNA unit (SBU) and a DNA (NA) . 

FIG. 5: An illustration of the conjugation of a DNA having a 3' terminal 
ribonucleotide (NA) with a vicinal diol, and a 2' Cy31abeled and 4' 
monohydrazide-modif ied pRNA (L HY pRNA) to give a conjugate (C) as 
described in Example 1.4. 

FIG. 6: An illustration of the conjugation of a 3 ' glycerylmodif ied DNA 
(Gly NA) via the oxidized aldehyde DNA (OB NA) intermediate with a 2' 
Cy3-labeled and 4' monohydrazidemodif ied pRNA (L HY pRNA) to give a 
conjugate (C) as described in Example 1.5. 

FIG. 7: FIG. 7A illustrates the immobilization of nucleic acids (NA) which 
are linked via a branching site (BS) to a plurality of 

identical binding units for the immobilization on support materials (SM). 
FIG. 7B shows the use of two different synthetic binding systems (SAU1 
and SBU1 and also SAU2 and SBU2) for the immobilization of a nucleic 
acid through a branching structure. An advantage of these structures in 



the increased, additive binding energy immobilizing the nucleic acid. 

FIG. 8: An illustrative conjugate in which a nucleic acid (NA) is linked 
via a branching site (BS), or a branching moiety W, to a 
plurality of identical binding units (SBU) . 

FIG. 9: A diagram of some possible embodiments of labeled synthetic 
binding addresses and synthetic binding units or conjugates. 9A shows a 
conjugate of a nucleic acid (NA) and synthetic binding unit (SBU) with a 
marker at the end of the binding unit, as through the end phosphate 
(SM=support material) . B depicts the arrangement for the marker group 
(M) to be located at any position in the conjugate, for example through 
the use of a base-labeling moiety. C shows the use of a labeled synthetic 
binding address. D shows the joint use of two marker groups (Ml and M2 ) 
which have been adjusted to one another and give a signal in the form of 
fluorescence quenching or fluorescence resonance energy transfer (FRET) 
when a conjugate binds to the synthetic binding address. 

FIG. 10: An illustration of an additional embodiment in which a 
plurality of different molecular species or nucleic acids (NA1 
and NA2) are immobilized next to one another on the same array 
position, or capture site. This can be achieved, as depicted in 10A, by 
fixing two different SAU ' s to one site to form two different binding 
systems (SBS) at one array location (L) . Or, as depicted in B, 
the same effect may be achieved by using the same binding system (SBS), 
and using conjugates of different nucleic acids (NA 1 and NA 2) with the 
same SBU. 

FIG. 11: An illustration of the use of synthetic binding addresses and 
conjugates of synthetic binding units with nucleic acids for the co 

nstruction of arrays on support materials (SM) . Figure A shows 
an embodiment in which different nucleic acids (NA 1, NA 2, NA 3, . . .) 
are immobilized on different locations (L) of the support material using 
different binding units (SBU 1, SBU 2, SBU 3, . . .) and different 
address units (SAU 1, SAU 2, SAU 3 . . .). The SAUs of the locations are, 
for example, simply spotted on passive arrays, or may be 

electronically addressed to capture sites above electrodes in the case of 
active electronic arrays. A characteristic of the embodiment is 
that each array location carries a distinctive binding address. 
Although this is illustrated here as a separate SAU for each SP, the 
distinctive addresses may as easily be formed by mixtures of SAU ' s (e.g., 
SAU 1&2 at L 1, SAU 3&4 at L 2, etc.). FIG. 11B shows that for 
immobilizing a nucleic acid (NA) on a support material (SM) SBU (here 
pRNA) and SAU (here CNA) need not belong to one molecular class. Any 
sterically compatible molecules which form a stable and selective 
immobilization upon recognition are suitable for use in these formats. 
FIG. 12: A diagram showing an embodiment of the method for using 
synthetic address units and conjugates of synthetic binding units with 
nucleic acids to construct arrays on support materials. As 
illustrated, individual array positions can specifically and 
independently of one another be addressed by utilizing array 
surfaces with individually activatable locations, such as, for example, 
active electronic arrays. Initially, N different binding 
addresses (a, b, c, . . . N) are fixed to the surface of the support 
material. In this step, synthetic address units are affixed to groups of 
M-number of active sites utilizing the same immobilization method (e.g., 
biotin-streptavidin interaction, or hydrazide-active ester chemistry) in 
a number of steps (e.g., spotting or electronic addressing.) The 
immobilization is preferably carried out so that identical synthetic 
binding units are deposited either in rows or columns, although other 
geometries (e.g., squares, crosses, circles, or even randomly chosen 
groups of sites) may be used. Thus an array of N different 
binding addresses is obtained, in which each unit appears in M-fold 
repetition (FIG. 12A) . In the following steps, conjugates of nucleic 
acids and synthetic binding units are contacted with the array 



generated previously. Although this can be carried out either 

individually using individual SBU/NA conjugates, sets of different SBU/NA 

conjugates are advantageously used to immobilize up to N different 

SBU-encoded nucleic acids in one step. It is important that the method 

can only be used in those arrays in which individual 

array positions can be activated specifically and independently 

of one another, e.g., in active electronic arrays. The 

activated positions in each step create a condition which is favorable to 
the binding of the SBUs with the attached SAUs . In the preferred 
embodiment, mixtures of N different conjugates (or SBU-encoded groups of 
conjugates) are addressed to N array positions, and this 
addressing can be carried out sequentially or parallel to all N 
positions. These sets may contain N different nucleic acids (v, w, x, y, 
. . . N) all of which are conjugated with an individual synthetic 
binding unit (a', b', c', . . . N) . The specific recognition of the fixed 
synthetic address unit by the binding units leads to only that type of 
nucleic acid, which has been conjugated with the corresponding synthetic 
binding unit complementary to the fixed binding unit, being immobilized 
on each array position. In other words, the set of conjugates 
is sorted to specific locations. Thus, in a single process step N 
different conjugates (a'-vl, b'-wl, c'-xl, d'-yl, . . . N) are 
immobilized. Although a row/column addressing scheme is shown here, other 
geometries are possible. After the binding of each set of conjugates to 
each activated set of locations, the unbound conjugates are removed. This 
procedure can then be repeated using a new second set of conjugates 
(a'-v2, b'-w2, c'x2, d'-y2, . . . N) . In each repetition, again up to N 
conjugates are immobilized in parallel. Thus, after M repetitions, W 
different conjugates are immobilized on the array, with W=N x 
M. 

FIG. 13: shows further embodiments for using synthetic binding systems for 
the immobilization of nucleic acids on support material. FIG. 13A shows 
an example of an array of N different address units. In 

additional embodiments, one may wish to attach individual address units 
two or more times to different array positions for duplicate 
addressing at those positions. This embodiment is typical for passive 
arrays, although it may be utilized in active location 
array systems as well. FIG. 13B shows, by way of example, an 
embodiment for using synthetic binding systems for generating 
arrays of nucleic acids for the analyses of different samples of 
nucleic acids, as can be applied to gene expression studies. Here, 
different times, stages or populations of nucleic acids, for example 
particular gene probe sequences which have been hybridized to different 
samples, are compared with one another on an array. Here, by 
way of example, the immobilization of three times Tl, T2, T3 of various 
nucleic acid sequences (genes; SI, S2, S3, . . . ) is depicted. Initially, 
an array of fixed synthetic address units is prepared. Times to 
be compared may thereafter by differentiated by particular sets of SBU's 
conjugated with the set of nucleic acid sequences to be monitored. The 
times to be compared of may be allowed to associate with the SAU ' s either 
simultaneously or sequentially. The specific recognition of synthetic 
address units by the synthetic binding units immobilizes on each 
array position only the conjugate specifically belonging to the 
position, thus locating the sample nucleic acids hybridized according to 
the SBU utilized. An advantage to simultaneous addressing of several 
samples at one once is that variability in hybridization conditions 
caused by the individual incubation of the samples with the array 
may be avoided, allowing for more rigorous and quantitative comparison of 
the results. In addition, the ability to assay multiple samples 
in one cycle saves time compared with individual addressing, or 
hybridization with separate arrays. 
FIG. 14: A graph of the result of a surface plasmon resonance experiment 



(SPR) in which 14 synthetic address units are contacted with 14 synthetic 
binding units. The signal increasing from the baseline upward indicates 
binding. As expected, all address units bind to the in each case 
corresponding specific binding unit (e.g. 102a to 102b). Some address 
units and binding units, however, show some degree of cross-association 
with units which are not exactly complementary (e.g. 105b with 110a). 
Sets of binding units in which such cross-association reactions are 
substantially reduced are said to be "orthogonal". Although suitable for 
some uses, non-orthogonal units should not be used together in one set of 
synthetic binding systems when strict sorting according to the addressing 
units is desired. 

FIG. 15: A photograph and chart of the specific association of 
f luorescently labeled binding units to synthetic address units attached 
to the surface of an active electronic array. The strongest 
fluorescence signals are all on a diagonal with the specific SBU-SAU 
pairs, as expected. 

FIG. 16: A chart of the association of conjugates of nucleic acids (C) and 
pRNA/SBUs with pRNA/SAU's attached to the surface of the SPR chip, also 
demonstrating specific binding between the coordinating pairs. 4' 
biotinylated 102b, 103b, 104b, and 105b, prepared as in Example 2.1, were 
immobilized on the Sensor Chip channels as described in Example 8. 
Conjugates IL4RP102a, IL4RP103a, and IL4RP104a, prepared as in Example 
1.1, were then sequentially assayed for binding to the SAUs in the 
channels . 

FIG. 17: A chart of the immobilization of a conjugate IL4RP102a (Example 
1.1) by biotinylated synthetic address unit 102b (Example 2.1) on an SPR 
chip and subsequent hybridization of the nucleic acid part of the 
conjugate with three complementary DNA fragments. IL4RP102C1 was a 
complementary sequence to all but the 5' three nucleotides of the NA 
portion of IL4RP102a, IL4RP102C2 was a full complementary sequence, and 
IL4RP102C3 was a full complementary sequence plus three nucleotides. This 
experiment also illustrates the ability of the attached SAUs to be 
utilized repeatedly by simply stripping of the bound SBU conjugates with 
a mild base solution (e.g. 10 mM NaOH) . 

FIG. 18: A diagram of the setup and negative photographs of the results of 
the Example 5.2. Mixtures of cy3 labeled and one unlabeled synthetic 
binding unit-nucleic acid conjugates (SBUNA) are addressed on an active 
electronic array. Each conjugate is immobilized to the position 
with the matching synthetic address unit (SAU) . The fluorescence measured 
is displayed as a diagram and a chip image. 

FIG. 19: 19A: a diagram of the use of a conjugate (C) of a synthetic 
binding unit (SBU) and a nucleic acid section (NA) as the substrate 
(primer) for a polymerase (E) which carries out a nucleic acid 
template-dependent synthesis, a first step in amplification reactions. 
19B: a diagram of the use of a conjugate (C) of a synthetic binding unit 
(SBU) and a nucleic acid section (NA) as the substrate of a single-strand 
ligase (E) which links the conjugate to a nucleic acid. Although shown 
with a relatively long NA section on the conjugate, ligase reactions may 
utilize conjugates with just a single nucleic acid residue. 

FIGS. 20A & B: Diagrams of the use of a conjugate (C) of a synthetic 
binding unit (SBU) and a nucleic acid section (NA) as substrates for 
nuclease reactions. A: The conjugate and a target nucleic acid are 
cleaved in a restriction endonuclease (E) reaction. This reaction can be 
especially useful when coupled with fluorescent energy transfer labeling, 
as shown here. The emissions of a fluorophore moiety (F) may be masked by 
placing a quencher moiety (Q) on the same conjugate. After cleavage, 
emissions of the fluorophore are no longer absorbed by the quencher, and 
become visible. The progress of this reaction may be quantified 
dynamically (real time) , or after completion, in order to quantify the 
amount of the target in the sample. B: The target nucleic acid is 
selectively degraded by an endonuclease (E) when hybridized to the 



conjugate nucleic acid portion. This can be especially useful for 
degrading RNA target nucleic acids with double-stranded specific RNAses, 
such as RNAse H. 

FIG. 21: An illustration of representative pRNA-DNA conjugates. A: a 
NA/SBU conjugate of a pRNA (SBU) with 2'-0Me-RNA (NA) and 5' phosphate 
(P) (a suitable substrate for a ligase reaction) ; the conjugate 
additionally carries a fluorescence dye at its 3' end. B: a NA/SBU 
conjugate of a pRNA unit (SBU) and a DNA (NA) with free 3' end (a 
suitable substrate for a polymerase or restriction endonuclease 
reaction . ) 

FIG. 22: A: a photograph of an agarose gel showing the formation of 
specific of amplification products in a PCR reaction using p RNA- DNA 
conjugates as primers. For comparison, mixtures using standard DNA 
primers were also applied (see Example 2). B: another photograph of an 
agarose gel showing the result of a large-scale PCR reaction using NA/SBU 
conjugates as primers (see Example 3) . 

FIG. 23: A photograph of a 10% polyacrylamide gel showing the products of 
ligation of a fluorescence-labeled conjugate of pRNA and 2 ' -OMe-RNA with 
a target RNA, under both UV shadowing and fluorescence imaging. Due to 
its short length, the free unligated NA/SBU conjugate is not displayed on 
the gel (see Example 4). The Lanes of the gels are as follows: 

FIG. 24 An illustration showing, schematically, an array of SAU 
on locations (L) to which a series of distinct SDA primers have been 
addressed via the interaction between the SAU and SAU. 

FIG. 25: An illustration showing that that two different primers can be 
addressed using a single SBS by using a branched linker to attach the 
primers to one SBU. 

FIG. 26: An illustration showing that shows the general architecture of 
the SBU anchored SDA construct. The SDA primers contain a restriction 
site template and a region complementary to the target DNA. The bumper 
primers are sequences complementary to a region of the target DNA 
upstream of where the SDA primer binds. The bumper primers form the 
initiation sites for the polymerase and lead to the initial strand 
displacement of the target nucleic acid from the extended primer. 

FIGS. 27A and 27B: An illustration of the initiation steps for 
SBU-anchored SDA (phase 1): Copying of the target sequence onto the 
SBU-anchored SDA primer, Displacement of the genomic DNA by extension 
from bumper primer 1, Activation of the restriction site, and Generation 
of displaced SI strands. 

FIG. 27C: An illustration of the linear amplification reactions of SBU 
anchored SDA (phase 2): The generation of a single stranded anchored 
amplicon for every Phase 1 displaced strand captured. 

FIGS. 27D and 27E: An illustration of the exponential amplification 
reactions of SBU anchored SDA (phase 3) : Activation of restriction sites 
in both anchored amplicons, Generation of displaced SI and S2 strands, 
and exponential amplification via bridging and capture. 

FIG. 28: An illustration of the specific addressing experiment described 
in Example 5.3. The first two columns of addressed, immobilized nucleic 
acid/SBU conjugates and hybridized labeled nucleic acids are illustrated 
by the small figures under the headings "Column 1" and "Column 2". The 
green fluorescent signal is shown to the left, and the red fluorescent 
signal is shown to the right, for each of the two columns. Note that this 
experiment demonstrates that there is no significant hybridization of the 
complementary sequences to non-activated locations within the 
array, allowing one to effectively isolate hybridization 
reactions using the same sequences from different samples at different 
locations. ! 
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examined This durable conductometric biosensor can be advantageously used 
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urea determination in urine sample by employing the differential measurement 
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AB DERWENT ABSTRACT: 

NOVELTY - Improved method (M) for preparing nucleic acid conjugates (C) 
with synthetic binding units involves: (i) synthesizing (C) on a solid 
support phase using monomer or oligomer units, where the units are 
beta-cyanoethyl-protected on at least one phosphorus of the units; (ii) 
treating support with a solution of an alkylamine in an inert solvent; 
and (iii) treating the support with hydrazine to cleave off and deprotect 
(C) . 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following: (1) a supermolecular construct (I) comprising at least one 
synthetic address unit (SAU) attached to a support material comprising an 
array of discrete locations, where the same SAU is attached to at 
least two predetermined locations on the support material, and at least 
two conjugates comprising synthetic binding unit (SBU) and a nucleic acid 
(NA) , where at least two of the conjugates have the same SBU and 
different NAs, where the SBU of the conjugates form a synthetic binding 
system unit (SBS) with the SAU at the two predetermined locations, and 
immobilize each of the two different NAs at a different location; (2) a 
conjugate (II) with the general formula (NA)-(SBU), where each NA is 
linked to at least one SBU by a linker X, and X is selected from groups 
of formulae (Fl), (F2), (F3), (F4) and (F5) ; (3) a conjugate (III) with a 
general formula (NA) n- ( SBU) m; (4) a supermolecular construct (IV) 
comprising at least one of (II) or (III) and at least one SAU which is 
specifically associated with at least one SBU of the conjugate to form a 
SBS, where the SAU is attached to a support material (SM) ; (5) a library 
(V) comprising at least two conjugates such as (II) and/or (III); (6) a 
unit (VI) of a SBS selected from SBU and SAU, comprising an oligomer of 
monomeric units, where the monomeric units have a group of formula 
-R6(R7)- (F7), and the monomeric units are linearly arranged according to 
the formula (As ) - ( J) - (As ) or (As) - (J) - (As) - (J ' ) - (As) ; and(7) a kit for 
immobilizing biomolecules comprising at least two SBUs or SAUs of (VI), 
where the SBUs or SAUs are orthogonal. Yl and Y2 = OH, SH, NH2 or CH3 ; 
G = 0 or S; LI and L2 = linkers such as a covalent bond, and a linker 
chain moiety comprising an optionally saturated, optionally branched, 
optionally substituted, chain of 1-60C and 0-40 heteroatoms such as N, 0 
and S; VI and V2 = -CH2- or -NHC0-; Rl and R2 = H or OH; R5 = 
nitrogen heterocyclic moiety; R6 = backbone moiety which connects the 
monomeric unit to the oligomer; R7 = specific recognition moiety 
comprising a nitrogen heterocycle moiety; s = 0-10; A = any monomeric 
unit as is used for synthesizing SBU; and J, J' = a sequence of 
recognition moieties (RS), and are selected from p-RNA-polynucleotides , 
p-DNA-polynucleotides and CNA-polynucleotides , a group orthogonal 
sequences, sequences given in the specification. NA = a nucleic acid; SBU 
= a synthetic binding unit; n, m = 1-6; n+m = greater than 2. Each NA is 
linked to at least one SBU. 

BIOTECHNOLOGY - Preferred Construct: In (I), the SBU and the SAU 
each comprise an at least partially complementary sequence of monomeric 
units which non-covalently associate with one another in a 
sequence-dependent manner. The SAU comprises, independently of the SBU, 
an oligomer selected from p-RNAs, p-DNAs and CNAs . At least one discreet 
location has a known mixture of SAUs attached at that location. The 
support material comprises a material selected from silicon, silicon 
dioxide, silicon nitride, controlled porosity glass, metal, inorganic 



sol-gels, and hydrogels. The support material is a 
permeation layer over an electrode of an active electronic 
array. The SAUs are attached to the support material through a 
biotin/streptavidin interaction or through at least one covalent bond. 
The covalent bond is formed by reacting a hydrazide group on SAU with a 
functional group on the support. The SBUs of the conjugate are oligomers 
comprised of monomeric units, where the monomeric units have the formula 
F7. The NA of the conjugates are selected from DNA and RNA, chemically 
modified nucleic acids, phosphorothioate nucleic acids, 
phosphorodithioate nucleic acids, methylphosphonate nucleic acids, 
2'-0-methyl RNA, 2'-fluoro RNA, peptide nucleic acids (PNA) , locked 
nucleic acids (LNA) , an aptamer and an aptazyme. The conjugates further 
comprise at least one labeling moiety selected from fluorescent moieties, 
quencher moieties, visible dye moieties, radioactive moieties, 
chemiluminescent moieties, biotin moieties, hapten moieties, 
microparticles, paramagnetic microparticles , and enzymatic labeling 
moieties . 

USE - (M) is useful for preparing nucleic acid conjugates with 
synthetic binding units. (II) is useful for producing an array 
of immobilized nucleic acids on an active location array device 
comprising a number of activatable locations on a support material, by 
activating a first set LI of locations on the active array 
device, where at least some of the activated locations comprise a 
predetermined SAU or set of SAUs attached at the locations, and where the 
activation of the locations creates a condition favorable to the binding 
of the SAUs to SBUs, contacting the activated set of locations with a 
first set CI of SBU-NA conjugates, where at least some of the SBUs in the 
set of conjugates are capable of specifically binding to at least some of 
the SAUs attached at the activated locations, removing the unbound 
conjugates, and repeating the above mentioned steps M number of times, 
activating set L(M+1) of locations, and contacting them with set C(M+1) 
of conjugates, where M at least 1. (II) or (III) is useful for producing 
a set of immobilized nucleic acids on a support material, by providing a 
support material, where SAU are attached at predetermined positions on 
the support, and contacting (II) or (III), where (II) or (III) comprise 
at least one SBU which specifically binds to at least one SAU on the 
support, with the support under conditions suitable for the association 
of SBU's and SAU ' s to form SBS ' s . (II) is useful for enzymatically 
modifying a nucleic acid selected from a target nucleic acid and the 
nucleic acid of a conjugate comprising at least one NA and at least one 
SBU, utilizing the nucleic acid of the conjugate as a substrate, by 
contacting the conjugate with at least one enzyme which 

utilizes naturally occurring nucleic acids as a substrate, and with other 

reagents necessary for the action of the enzyme, and incubating 

the mixture obtained under conditions suitable for the functioning of the 

enzyme for a period of time sufficient to effect the modification 

of the nucleic acid (all claimed). (II) or (III) is useful for sorting 

and immobilizing nucleic acids on support material, in active electronic 

arrays system to produce novel array constructs useful 

in various nucleic acid assay formats, as substrates for various 

enzymatic reactions, including nucleic acid amplification reactions, or 

to sort relatively complex mixtures of nucleic acids to predetermined 

locations on a support for facile analysis or further use in nucleic acid 

based biological assays. 

ADVANTAGE - (I) enables efficient and specific sorting of relatively 
complex mixtures of nucleic acids to predetermined locations on a 
support. (I) allows significant time reduction and simplification of 
method of immobilization of different nucleic acids on an array 

EXAMPLE - Synthesis of conjugates of nucleic acids and synthetic 
binding systems was as follows: Conjugates of 4 ' pRNA2 ' -5 ' -DNA3 ' was 



synthesized. The synthesis was begun with a standard solid phase DNA 
synthesis in the 3 '-5' direction to produce the desired DNA sequence. If 
a linking group or branching group was desired, the appropriate synthesis 
building blocks were coupled to the 5' end of the product. If the DNA was 
directly linked to pRNA through a phosphate, no linker phosphoramide was 
used. Next, the monomer building blocks of pRNA were coupled so that a 
synthetic binding unit (SBU) binding address of the desired length and 
sequence was obtained. If a labeled conjugate was desired, marker 
phosphoramidites were coupled to the conjugate in an optional last step, 
or utilized as an initial coupled reagent in the synthesis. Here, the 
fluorescent dye phosphoramidites Cy3 and Cy5 were useful, but any other 
suitable phosphoramidite dyes derivatives known from DNA synthesis could 
also be used. The conjugate was worked up, deprotected, isolated and 
purified. Analogously, it was possible to prepare conjugates of pRNA and 
modified nucleic acids (e.g. 2- ' O-methyl RNA) . For this, 

2 ' -O-methylphosphoramidites were coupled after the pRNA. The nucleic acid 
was also occasionally phosphorylated at its 5' end. For this purpose, 
building blocks for introducing phosphates were used. Applying the 
general protocol led to conjugates (bold = pRNA; italics = DNA) such as: 
IL4RP102a: 4 ' TCCTGCATTC2 ' -5 ' GCATAGAGGCAGAATAAGAGG3 ' , or IL4RP103a: 
4 ' CTCTACGTCT2 ' -5 ' GCATAGAGGCAGAATAACAGG3 ' . (232 pages) 



